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INTRODUCTION
Fetal programming is the process by which an acute or chronic stimulus in utero establishes a permanent response in the fetus that affects physiologic function later in life. For example, prenatal stress caused by restraint or injection of ACTH to the sow resulted in offspring with altered endocrine profiles and adrenal gland morphology, enhanced cortisol secretion in response to stress, and decreased ability to heal a wound (Haussmann et al., 2000) . In regard to swine reproduction, the concept of fetal programming is illustrated by a recent experiment reported by O'Gorman et al. (2007) . Gestating sows were stressed by subjection to daily restraint for 5 min during wk 12 to 16 of gestation. Average age at first estrus was significantly delayed in gilts farrowed by stressed sows (~172 d) compared with gilts farrowed by unstressed controls (~158 d). Estienne and Harper (2006) reported that at d 30 of gestation, concentrations of cortisol in serum were greater for gilts kept in individual crates compared with group-penned individuals (79.4 vs. 57.1 ng/mL). Our working hypothesis is that if there is a difference between gestation accommodations (individual crates vs. group pens) in terms of stress to the sow, than due to fetal programming, growth and reproductive performance of offspring may be affected.
Thus, the objective of this experiment was to determine the effects of type of gestation accommodation (individual crates, group pens, or both) on various characteristics of female offspring including growth performance and the age at puberty.
MATERIALS AND METHODS
The experiment was conducted at the Tidewater Agricultural Research and Extension Center in Suffolk, VA, and animal procedures were approved by the Institutional Animal Care and Use Committee of Virginia Polytechnic Institute and State University.
Estrous cycles in Yorkshire × Landrace gilts (n = 32) were synchronized using Matrix (Intervet America Inc., Millsboro, DE) , an orally active progestin fed at a rate of 15 mg·animal −1 ·d −1 for 18 d. After progestin withdrawal, gilts were checked for estrus once daily in the presence of a mature boar and were mated by AI (Swine Genetics International, Cambridge, IA) 0 and 24 h after first detection of standing estrus. Gilts were then placed in 1 of 3 types of gestation accommodations: 1) individual crates (0.61 × 2.13 m) throughout gestation (n = 12 gilts); 2) group pens (5.18 × 2.74 m) throughout gestation (n = 10 gilts); or 3) individual crates for 30 d postmating and then group pens for the remainder of gestation (n = 10 gilts). Gilts in group pens were housed 5 to 6 gilts per pen, although all females in a particular pen were not necessarily employed in the experiment reported here. During gestation, gilts had ad libitum access to water and were floor-fed at a rate of 2.7 kg·animal −1 ·d −1 a fortified corn and soybean meal diet that met or exceeded the recommendations for the various nutrients (NRC, 1998) . At d 110 of gestation, gilts were each moved to a standard farrowing crate in an adjacent barn. After farrowing, barrow pigs were cross-fostered among litters within a treatment group so that sows were nursing an approximately equal number of pigs (10.5 ± 0.3; mean ± SE).
During lactation, gilts had ad libitum access to water and a fortified corn and soybean meal-based diet (NRC, 1998) . Gilts were weighed at breeding, upon entry to the farrowing barn, within 24 h postfarrowing, and at weaning. Backfat thickness at the last rib was determined using A-mode ultrasonography (Sono-grader, Renco Inc., Minneapolis, MN) upon entry to the farrowing barn and at weaning.
At weaning (24.6 ± 0.3 d of age), gilt offspring were blocked by BW and placed in nursery pens (1.21 × 0.91 m), each containing 3 pigs farrowed exclusively by gilts exposed to 1 of the 3 accommodation systems described previously (n = 9 pens/accommodation system). Average daily gain, ADFI, and G:F were determined. After the 5-wk nursery phase, intact pens of pigs were moved to pens (1.83 × 3.05 m) in a grow-finish barn. The grow-finish period ended when gilts weighed an average of 108.9 ± 0.8 kg, at which time backfat thickness was determined using A-mode ultrasonography (Sonograder); ADG, ADFI, and G:F were determined.
Throughout the nursery and grow-finish phases of production, gilts had ad libitum access to water and feed. The 3-phase nursery and 3-phase grow-finish feeding regimens were corn and soybean meal-based, and the fortified diets met or exceeded the recommendations for the various nutrients (NRC, 1998).
After the grow-finish phase, gilts continued to have ad libitum access to water but were limited-fed at a rate of 2.7 kg·animal −1 ·d −1 (NRC, 1998) . Gilts were checked for estrus once daily in the presence of a boar and age at puberty (first lordosis response in the presence of the boar) determined. Ten days after estrus, gilts were killed and reproductive tracts collected and evaluated as described previously (Estienne et al., 2001) .
All data were analyzed using SAS software (SAS Institute Inc., Cary, NC). The model for ANOVA of BW pre-and postfarrowing, prefarrowing backfat, and change in BW during gestation included treatment (i.e., gestation accommodation) as the main effect and gestation length and total litter size as covariates. For gestation length, the model included treatment with total litter size as a covariate. For farrowing characteristics (total born, born alive, stillborns, mummified fetuses, pigs weaned, preweaning survival, and BW of pigs) the model included treatment with breeding BW and length of gestation as covariates. The model for BW and backfat thickness at weaning, BW and backfat change during lactation, and lactation ADFI included treatment as the main effect with number weaned and length of lactation as covariates. Analyses for farrowing females used the individual animal as the experimental unit.
Body weights during the nursery and grow-finish phases of production for gilt offspring were subjected to ANOVA for a repeated measures design with pen serving as the experimental unit. The model included the type of gestation accommodation of dams, pen within type of accommodation, week, and type of accommodation × week as possible sources of variation. The effect of type of accommodation was tested by pen within type of accommodation. Week was tested against the type of accommodation × week interaction. Individual means were compared using pairwise contrasts.
Average daily gain, ADFI, G:F, backfat thickness, reproductive tract characteristics, and age at puberty were analyzed using ANOVA with type of gestation accommodation of the dam and block as the main effects. Pen was considered the experimental unit and individual means were compared using pairwise contrasts. Pig BW at weaning was used as a covariate for analyses of nursery performance data. The percentage of gilts attaining puberty at various ages and the cumulative percentage of gilts attaining puberty by various ages were analyzed using chi-square procedures. The level of significance was established at P < 0.05, and tendencies were considered at P < 0.10.
RESULTS
Body weight, backfat thickness, and farrowing data for the gilts that produced the experimental animals are contained in Tables 1 and 2 . Upon entry into the farrowing house, gilts were of similar BW (P = 0.97) and had similar backfat thickness (P = 0.56) among treatments. Gestation lengths were similar among treatments (P Gestation accommodations affect gilt offspring = 0.78), and there was no effect of gestation accommodation on total litter size (P = 0.54). However, there was a greater number of pigs born alive (P = 0.05) for females kept in crates throughout gestation or in crates for the first 30 d postmating and group pens for the remainder of pregnancy, compared with gilts kept in group pens throughout gestation. Among treatments, BW of pigs were similar (P = 0.62) at birth.
There were no effects of treatment on the number of pigs weaned (P = 0.95) or pig BW (P = 0.86); however, females that gestated in groups throughout gestation had the greatest (P = 0.03) percentage of pigs survive to weaning. Females that were kept in crates throughout gestation lost the least amount of BW (P = 0.01) and backfat (P = 0.03) and consumed the most feed (P = 0.01) during lactation.
During the nursery phase of production, there was no effect (P > 0.80) of treatment on ADG, ADFI, or G:F in gilt offspring (Table 3) . Growth performance for the grow-finish period is summarized in Table 4 . Overall, ADG was not affected (P = 0.14) by treatment. However, the pattern of pig growth was affected by gestation keeping of dams as evidenced by an effect of type of accommodation × week (P = 0.04) for BW, with pigs farrowed by gilts kept in crates throughout gestation weighing more at wk 10 and 12 of the grow-finish period (Figure 1) .
There was no effect of treatment for ADFI; however, G:F was enhanced (P < 0.05) in gilts farrowed by females kept in crates throughout gestation or in stalls for the first 30 d of gestation and pens for the remainder of pregnancy, compared with gilts farrowed by females Within a row, means with different superscripts tend to differ (P = 0.06). 1 For statistical analyses, gilt was considered the experimental unit. Reproductive traits for gilts farrowed by females kept during gestation in the various systems are contained in Table 5 . The average weight of ovaries (P = 0.07) and the weight of follicular fluid (an indication of follicle number, size, or both; P = 0.08) tended to be greater for gilts farrowed by females kept in groups throughout gestation.
The number of corpora lutea (P = 0.55), average size of corpora lutea (P = 0.41), and uterine weight (P = 0.42) were similar among groups. The average age at puberty did not differ among groups (P = 0.61; Table 4 ); however, fewer gilts farrowed by females that were gestated in crates reached puberty by 165 d of age compared with the other 2 groups. Figures 2 and 3 depict for the different treatment groups, the percentage of gilts reaching puberty at various age ranges, and the cumulative percentage of gilts reaching puberty by various age ranges, respectively.
DISCUSSION
Compared with group penning systems, individually crating pregnant females results in certain production advantages, such as maximizing the number of sows housed in gestation barns and better regulation of individual sow feed intake. It is estimated that at least 60% of the sows and gilts in the United States are kept in crates throughout gestation (Barnett et al., 2001 ). This method of sow accommodation, however, is the most contentious welfare issue facing pork producers. Typical gestation stalls measure 0.61 × 2.13 m and limit sows to standing, sitting, and lying. This restricted freedom of movement has been, and continues to be, robustly criticized by animal rights and animal welfare activists who argue that gestation crates do not provide for sow well-being. On the basis of comprehensive reviews of the scientific literature, McGlone et al. (2004) Means within a row with different superscripts differ (P < 0.05).
c,d
Means within a row with different superscripts tend to differ (P < 0.09).
1 Each pen contained 3 gilts each. For statistical analyses, pen was the experimental unit.
2 Measured ultrasonically at the last rib at the end of the grow-finish trial. Body weights during the grow-finish period for gilts farrowed by females that were kept in individual crates or group pens throughout gestation, or individual crates for the first 30 d after mating and then group pens for the remainder of gestation. Values are least squares means (n = 9 pens/group; SE = 0.67). A significant effect of accommodation type × time was detected (P = 0.04). Means marked by an asterisk (*) indicate BW for gilts farrowed by females kept in crates throughout gestation were greater (P < 0.05) than the BW for gilts in the other 2 groups.
and Curtis et al. (2009) concluded that accommodating sows during the mating and gestation periods in any of a variety of properly designed and operated keeping systems is acceptable from both humane and enterprise points of view. Compared with one another, well-managed crates and group pens each have advantages and disadvantages, but based on holistic assessments, generally produce similar states of overall well-being for pregnant sows.
It was not the main objective of the study presented here to investigate effects of gestation accommodation on sow performance per se, but rather on the subsequent growth and reproductive performance of female offspring born to gilts kept in different systems during pregnancy. Nevertheless, it is important to note the greater number of pigs born alive for females kept in crates throughout gestation or in crates for the first 30 d postmating and group pens for the remainder of pregnancy, compared with gilts kept in group pens throughout gestation. This enhanced reproductive performance is consistent with other reports in the literature. For example, farrowing rate was greater for moderately fed sows kept in crates during gestation than for those kept in groups of 22 or 23 [82.5 vs. 69%; Love et al. (1995) ]. When pregnant sows kept in individual crates or in groups of 70 were compared with sows individually Means within a row with different superscripts tend to differ (P < 0.07).
c,d
Means within a row with different superscripts tend to differ (P < 0.08).
1 Each pen contained 3 gilts each. For statistical analyses, pen was the experimental unit. Percentage of gilts attaining puberty at various ages for gilts farrowed by females that were kept in individual crates or group pens throughout gestation, or individual crates for the first 30 d after mating and then group pens for the remainder of gestation. For the period between 151 and 165 d of age, more (P < 0.05) gilts farrowed by females gestated in pens reached puberty than did gilts farrowed by females kept in crates throughout gestation, with gilts farrowed by females kept in crates for the first 30 d of gestation and pens for the remainder of pregnancy having an intermediate value that was not different from the other 2 groups. Within an age range, means marked by different letters (a, b) differ (P < 0.05).
tethered, the number of pigs born alive was greater for crates (10.32) than for tethering (10.07), with grouping being an intermediate number (10.11; Backus et al., 1997) .
Although sows are often kept in individual crates throughout pregnancy, there is growing interest in defining shorter periods of gestation during which the use of this type of accommodation is most beneficial. Between 20 and 30% of swine embryonic and fetal mortality occurs during the first 30 d of gestation (Pope, 1994) . Pregnancy rate at d 30 postmating was 15% greater for gilts kept in individual crates than for those kept in groups of 3, although embryo number was unaffected by keeping system (Estienne and Harper, 2006) . Similarly, pregnancy rate at d 28 postmating was greater, and cases of spontaneous abortion between d 17 and 26 was less for crated sows than those kept in groups of 20 (Munsterhjelm et al., 2008) . In contrast, Schmidt et al. (1985) reported a 12% greater farrowing rate for sows kept in groups of 4 or 5 (78%) than for those kept in crates (66%) for the first 30 to 35 d postmating, and Van Wettere et al. (2008) reported no difference in pregnancy rate or embryo survival to d 26 of gestation for gilts kept in crates or in groups of 6.
In the current study, gilts kept in crates throughout gestation or for the first 30 d postmating and then group pens, as well as gilts kept in group pens throughout gestation, had similar BW and last-rib backfat depth upon entry into the farrowing house. However, effects of accommodation type were detected for the lactation period with gilts kept in crates during the entire period of gestation losing the least BW and backfat and consuming the most feed. The mechanisms responsible for these effects are not readily explained, but could involve behavioral components. Boyle et al. (2000) reported that gilts kept in group pens during gestation were more active and displayed more postural changes after movement to farrowing stalls compared with gilts moved to farrowing stalls after gestating in individual crates. After movement to farrowing stalls, multiparous sows kept in individual crates during gestation were less restless during parturition and during early lactation compared with sows kept in group pens during gestation (Boyle et al., 2002) . These findings (Boyle et al., 2000 (Boyle et al., , 2002 suggest that females housed in groups during gestation have a more difficult time adapting to farrowing stalls. In the current study, perhaps the poorer feed consumption and the attendant increased loss of BW and backfat displayed by gilts moving to farrowing stalls from group pens were illustrative of altered behavior. Pig growth during lactation, however, was not altered, and weaning weights were similar among treatments. Moreover, gilts that were gestated in groups had the greatest percentage of pigs survive to weaning.
The effects of gestation accommodation type on the performance of offspring have received scant attention. Results of the current experiment illustrate that the accommodation to which pregnant gilts are exposed affects subsequent growth and reproduction of gilts. Growth during the lactation phase and nursery performance did not appear to be affected by accommodation type. In contrast, growth rates during the late finishing phase were greater for gilts farrowed by sows gestated in crates compared with the other groups. Moreover, gilts farrowed by females kept in crates throughout pregnancy were more feed efficient and leaner at market weight. These findings are consistent with the concept that the type of gestation accommodation does indeed affect gilt offspring performance, and the effects are manifested later in life and not during early postnatal growth. An effect of gestation accommodation on postnatal pig growth was reported by Kuhlers et al. (1989) . In that experiment, pigs farrowed by dams kept on pasture grew significantly faster from 56 d of age to 100 kg of BW compared with pigs farrowed by sows kept in crates throughout gestation. Importantly, Foxcroft and Town (2004) and Foxcroft et al. (2006) reviewed the scientific literature and concluded that environmental influences on embryonic and fetal development are an important component of the biological origins of variation in growth performance after birth and it is likely that these preprogrammed effects on growth performance most often express themselves in the late grower or finisher stages of production.
In contrast, gilts farrowed by females that gestated in group pens had larger ovaries, greater follicular development, and reached puberty sooner than did gilts farrowed by females kept in crates during gestation. In general, reproductive characteristics of gilts that were farrowed by females that were gestated in crates for the first 30 d postmating and then group pens for the remainder of pregnancy were intermediate between the 2 other groups. With regard to effects of fetal programming on reproduction in swine, O'Gorman et al. (2007) reported delayed puberty in gilts farrowed by sows stressed during gestation. Additionally, boars born to dams that received ACTH during gestation had smaller anogenital distances compared with boars from control sows (Lay et al., 2008) .
The mechanisms responsible for the effects on growth and reproduction in gilts detailed herein require further study. It has been postulated, however, that at least some effects of fetal programming involve enhanced secretion of maternal cortisol. Although circulating cortisol concentrations were not determined for pregnant gilts in the present study, we previously reported (Estienne and Harper, 2006 ) that at d 30 of gestation, concentrations of cortisol in serum were greater for gilts kept in individual crates compared with group-penned individuals. Moreover, Barnett et al. (1989) reported that sows kept in crates had moderately greater, but statistically significant, cortisol concentrations compared with group-housed sows. Broom et al. (1995) , however, found similar concentrations of cortisol for crate-kept and group-penned sows.
In summary, the type of accommodation to which pregnant gilts are exposed affected subsequent growth and reproduction in female offspring, perhaps through a phenomenon referred to as fetal programming. In general, gilts farrowed by females kept in crates during gestation grew faster and were leaner at market BW, but displayed some aspects of delayed puberty. The exact physiologic mechanisms responsible for these effects remain to be elucidated. The results reported here offer insight into the emerging concept of fetal pig programming, and findings could affect future production systems, particularly for those producers contemplating a switch from individual to group gestation accommodations.
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